In 2015, the leaders of all the UN's Member States agreed to the 2030 Agenda for Sustainable Development. The 17 Sustainable Development Goals and their 169 associated targets address five areas of critical importance: people, planet, prosperity, peace, and partnership. The purpose of this paper is to take the metrics and data provided and transform them into a fuzzy logic setting. This allows for the analysis of the results in SDG Index and Dashboards Report 2019 by using the techniques of fuzzy logic. Many of these 17 Sustainable Development Goals are related to the terrible crime of human trafficking. We also examine these goals in a fuzzy logic setting.
Introduction
There have been strong papers written on the issues of sustainability, climate change, human trafficking, and modern slavery. One uses linguistics such as low (very), medium, and high (very) to measure a country's achievement of various goals and targets [1] , another uses colors [2] , and another uses numbers [3] . The purpose of this paper is to unify these papers and in fact place the study of these issues in a well established mathematical model. We use mathematics of uncertainty to accomplish this. The issues of sustainability, climate change, human trafficking, and modern slavery are prime candidates for the use of the mathematics of uncertainty due to the lack of accurate data available. After having placed these issues in a mathematical model, our main goal is to rank countries with respect to their achievement of the Sustainable Development Goals (SDGs).
All Member States of the United Nations adopted Agenda 2030 and the SDGs in 2015. The SDGs posit that States have a collective interest and responsibility to ensure that the most vulnerable people and populations are not left behind in economic, social, and environmental progress. The SDGs describe a universal agenda that applies to and must be implemented by all countries, both developed and developing [2] . It was stated in [2] that sound metrics and data are critical for turning the SDGs into practical tools for problem solving by (i) mobilizing governments, academia, civil society, and business, (ii) providing a report card to track progress and ensure accountability, and (iii) serving as a management tool for the transformation needed to achieve the SDGs by 2030. The purpose of this paper to take the metrics and data provided in [2] and transform them into a fuzzy logic setting. This allows for the analysis of the results in [2] by using the techniques of fuzzy logic [4, 5] .
Once the study of sustainability, climate change, and human trafficking has been placed in a mathematical setting, mathematics can be used to push forward the examination of these problems. For example, the amount flow of trafficking from one country to another has been given linguistically [6] . In [6] , terms such as low (very), medium, and high (very) were given to describe the amount of flow. These terms cannot be combined to determine the over all flow into a country. Say the flow from countries x, y, z into w is low, medium, and very high, respectively. These linguistic terms cannot be combined easily to obtain the overall flow. However, there are techniques in fuzzy logic to add these terms [2, 7] . In Section 2, it is explained that an overall score was obtained for each target by multiplying the scores given in each of the three categories. Multiplication was used to emphasize that for a goal or target to score highly, it must meet all three criteria. Multiplication is an example of a t-norm in fuzzy logic. Hence, the use of multiplication opens the use of other t-norms [8] . In Section 3, it is explained that OECD countries are assigned colors in [1] as a ranking in their achievement of the SDGs. The rankings of individual SDGs were determined by averaging the two worst colors (finding the average of orange and red may be problematic to some). The operation average in fuzzy logic is a particular type of aggregation operator. Hence, once the results of [1] are placed in a fuzzy logic setting, the door is open to use other aggregation operators. In fuzzy logic, there are numerous fuzzy similarity measures that can be used to measure the similarity of two rankings. These methods can be compared to methods in statistics. The area of decision analysis mathematics of uncertainty is also useful in combining for example expert opinion concerning the importance of the SDGs. Dempster-Shafer theory was used in [8] .
The recent papers [9] [10] [11] [12] may also be of interest to readers. For example, the work in [10] discussed the difficulty of measuring and monitoring of human trafficking within the context of the 2030 Agenda and its SDGs. The paper shed light on measuring difficulties and recommendations on how to overcome them. It was stated in [10] that the current SDG indicators were inadequate for measuring human trafficking and need to be urgently improved. The paper proposed seven points of future action to create intersectional linkages and better data collection in order to obtain a fuller picture of human trafficking. A future research project combining the ideas of [10] and the mathematics of uncertainty might be of interest.
An outcome from the UN Conference on Sustainable Development (Rio + 20) in 2012 was international agreement to negotiate a new set of global Sustainable Development Goals (SDGs) to promote sustainable development after 2015 [13] . The report in [13] proposed a methodology for identifying which of the different goals and targets represent the biggest transformational challenges in any given implementation context. The Rio + 20 Outcome Document can be found in [14] .
In [13] , Stakeholder Forum created a methodology to enable relative scores to be assigned to each of the different targets and goals according to their difference significance in different contexts. The method uses assessors to assign their own independent scores of the significance of each of the proposed targets in the implementation context in question, according to three separate criteria. The three criteria proposed were applicability, implementability, and the transformational impact (both in the country concerned and for the world as a whole). The assessors' scores are then aggregated and averaged to give an overall score for each target and then combined to give an average score for each goal. The highest scores are given to those targets and goals that are both clearly applicable and implementable in the country in question and that represent the biggest transformational challenge. Conversely, lower scores are given to targets and goals that are less applicable or implementable in a particular country, for the reasons given in [3] . The methodology is described in more detail in Section 2.
In this paper, we focus on countries belonging to the Organization for Economic Cooperation and Development (OECD). The OECD is made up of 35 democracies with market economies that work with each other, as well as with more than 70 other member economies to promote economic growth, prosperity, and sustainable development. We assigned numbers from the closed interval [0, 1] to the scores given a country in [2] . This places the analysis of sustainability in [2, 3] in the area of fuzzy logic. The determination of the scores can then be determined in many different ways. For example, one can use any number of norms or aggregation operators. We used a particular norm and also the aggregation operator, average. These approaches are discussed in more detail in Section 2. This gave three measures of how well a country is meeting each of the 17 goals. These 17 scores for a country were then averaged using a weighted average to determine a single number that measured how well a country was achieving the goals. The selection of the weights is discussed in Section 2.
The 17 SDGs are: G 1 no poverty, G 2 : zero hunger, G 3 : good health and well-being, G 4 : quality education, G 5 : gender equality, G 6 : clean water and sanitation, G 7 : affordable and clean energy, G 8 : decent work and economic growth, G 9 : industry, innovation and infrastructure, G 10 : reduced inequalities, G 11 : sustainable cities and communities, G 12 : responsible consumption and production, G 13 : climate action, G 14 : life below water, G 15 : life on land, G 16 : peace, justice, and strong institutions, G 17 : partnerships and goals. These SDGs were discussed in more detail in [2] .
We found that Denmark, Finland, and Sweden rank the highest in achieving the sustainable development goals with respect to the average. For human trafficking, we found that Denmark, Slovenia, and Finland ranked the highest.
Our work in this paper is only part of a major study being undertaken by the authors. In another approach using the mathematics of uncertainty, we determined a different method for ranking the countries with respect to their achievement of the SDGs. We used a similarity measure to determine the similarity of the above two methods and the method of ranking in [2] .
Weighted Average
In this section, we discuss the construction of the weighted average used to determine a single number that measures how well a country is doing in meeting the 17 SDGs. Note that G 17 is not listed in the following equation. Goal 17 and the targets within the other goals that are specifically directed towards international cooperation and the development assistance responsibilities of developed countries were excluded from the analysis in [3] .
The coefficients (or weights) in the following equation were determined as follows : (Table 1) . Table 1 . Values from [15] . [3] contained the overall marks for the goals. The marks totaled 53.5. The individual goal marks were divided by 53.4 so that the new goal marks were between zero and one, and their total was one. The equation was thus placed in the area of the mathematics of uncertainty.
The individual goal marks in Table 1 , p. 6 of [3] , were determined as follows: The individual category scores (determined by assessors) and the overall scores for each goal and target were presented in the tables in Annex 2 of [3] . These were obtained by averaging the collective scores from the assessors. The scores given were out of a maximum of two for individual category scores and a maximum of eight for overall scores.
Each target was assessed as to whether it was applicable, implementable, and transformative, p. 10 of [3] . Three independent assessors provided scores for each of the individual categories working on the methodology elaborated in [3] . An overall score was then obtained for each target by multiplying the scores given to each of the three categories. Multiplication was used to emphasize that for a goal or target to score highly, it must meet all three criteria.
SDG Values
In Figure 5 , p. 24 of [2] , OECD countries were assigned colors as a ranking in their achievement of G1 through G17. The colors assigned were green, yellow, orange, and red. A green rating on the SDG Dashboard denoted achievement and was assigned to a country on a given SDG only if all the indicators under the goal were rated green, yellow, orange, and red, indicating increasing distance from SDG achievement. The rankings of individual SDGs were determined by averaging the two worst ratings, e.g., green, green, yellow, red yields orange, the average of yellow and red. In order to place the analysis in a fuzzy logic setting, we assigned the numbers 0.8, 0.6, 0.4, 0.2 to the colors green, yellow, orange, red, respectively
The purpose of the norm function used in the paper is merely to provide another way to interpret the data. Its explanation follows its definition.
Define t : [0, 1] n → [0, 1] by for all (a 1 , ..., a n ) ∈ [0, 1] n , t(a 1 , ..., a n ) =      ∧{a 1 , ..., a n } if a 1 , ..., a n > λ, ∨{a 1 , ..., a n } if a 1 , ..., a n < λ, λ otherwise.
We can interpret the norm function t in the following manner: if a 1 , ..., a n > λ, then the values are at least ∧{a 1 , ..., a n }, and if a 1 , ..., a n < λ, then the values are at most ∨{a 1 , ..., a n }. In the following tables, we use the norm function t to determine the ratings. We let λ = 0.5. We applied this norm function to the ratings for each country on pp. 96-449, ref. [2] to obtain the following tables (Tables 2  and 3 ). To find the averages, we have to go country by country (pp. 81-465, [4] ) for OECD countries and average the color ratings. For example, Australia G 1 : (green + green + yellow)/3 = (0.8 + 0.8 + 0.6)/3 = 0.7333.
SDG Rankings
No country from any other region ranked higher overall in [2] than the high ranking OECD countries of our ranking given in Table 4 . 
Human Trafficking
The purpose of this section is to present the rankings of the OECD countries with respect to human trafficking. The rankings using the method in this paper will be compared with other rankings in other works of our major project.
Out of the 17 SDGs, human trafficking is specifically mentioned in three targets under three goals: G 5 (gender equality), G 8 (decent work and economic growth), and G 16 (peace, justice, and strong institutions). However, many other SDG targets and goals are relevant to address human trafficking. This issue is rooted in development issues at large including poverty, education, child labor, abuse, and exploitation, gender equality and discrimination, and migration and the effects of climate change [16] . Other SDGs mentioned in [16] [16] . It was mentioned by Professor Rochelle Dalla, Editor-in-Chief of the Journal of Human Trafficking, that SDG 12 is also important in combating human trafficking since it is directly related to the promotion of fair trade production, advocacy, and market practices, in addition to consumer knowledge and choice [13] . Table 1 on p. 6 of [3] contained the overall marks for the goals. The marks pertaining to the SDGs under consideration for human trafficking totaled 28.6. The individual goal marks were divided by 28.6 so that the new goal marks were between zero and one, and their total was one.
The coefficients in the following equation were determined by dividing the entries in Table 5 by 28.6. The tables used to determine the following rankings in Table 6 are the appropriate sub-tables of Tables 1-3. The above ranking is the first of its kind. There are currently no other rankings with which to compare it. Research is underway to obtain other rankings that then can be compared by using fuzzy similarity measures.
Conclusions
We focused on countries belonging to the Organization for Economic Cooperation and Development (OECD). We assigned numbers from the closed interval [0, 1] to the scores given a country in [2] . This placed the analysis of sustainability in [2, 3] in the area of fuzzy logic. We used three measures of how well a country was meeting each of the 17 goals. We found that Denmark, Finland, and Sweden ranked the highest in achieving the sustainable development goals with respect to the average. For human trafficking, we found that Denmark, Slovenia, and Finland ranked the highest. Major research is underway to examine the other regions under consideration in [1] . The techniques being used from mathematics of uncertainty were discussed in the Introduction.
